A novel symmetrical N2O2 type Schiff base (1) and its copper (II) (2) and manganese (III) (3) complexes were synthesized and characterized by spectroscopic, analytical, and magnetic susceptibility studies. Spectroscopic and magnetic susceptibility studies suggested that copper and manganese ions are in 2+ and 3+ states and their complexes have a binuclear double stranded helical structure in the form of 2:2 (metal to ligand) stoichiometry. Cytotoxic effects of the ligand and its metal complexes against MCF-7 (human breast cancer cell line), DLD-1 (human colorectal cancer cell line), ECC-1 (human endometrium cancer cell line), DU-145 (human prostate cancer line), MDA-MB231 (human breast cancer cell line), PC-3 (human prostate cancer line) and HEK293 (normal cells) were evaluated by determining their cellular viability using the colorimetric 3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium bromide (MTT) assay. It has been found that cytotoxicity of the ligand was significantly enhanced towards cancer cells and declined towards normal HEK293 cells by metal chelation. Copper complex yielded better results in comparison with manganese complex. Particularly, copper complex showed a selective cytotoxicity, harming the cancerous cell lines while not impairing the normal cells, which is considered as the key to the future of cytotoxic therapy.
INTRODUCTION
Schiff bases have been serving as versatile and practical ligands in the field of coordination chemistry since they were synthesized for the first time by Hugo Schiff in 1864 (1) . Metal complexes of Schiff bases have played a major role in the advancement of coordination chemistry whose field of application varies from physicochemical studies (2) to biological aspects (3, 4) . Both symmetrical and non-symmetrical Schiff bases have been widely used as ligands to prepare metal complexes (5) . Tetradentate symmetrical N2O2 Schiff bases and their metal complexes also contributed to the development of coordination chemistry immensely because of their structural variety, preparative accessibility, and bioactivity (6, 7) .
Cytotoxicity of the Schiff bases has been receiving considerable attention ever since the discovery of their effectiveness at inhibiting proliferation of cancer cells (8) (9) (10) (11) . Discovery of novel potent, selective, and less toxic anticancer agents remains one of the most active areas in the field of medicinal chemistry and drug design (12) . Development of resistance by tumor cells against the existing anticancer drugs and increasing mortality rates due to cancer each year keeps this research window open for new chemotherapeutics (13) . Having various biological activities despite being small molecules, transition metal complexes of Schiff bases have also aroused great attention to find new chemotherapeutic drugs.
Numerous studies have reported that Schiff bases have shown mild to good cytotoxicity against various malignant tumors (14-18) and the metal included in the complex has a significant impact on the effectiveness of the compound (14, 17, (19) (20) (21) (22) (23) (24) . However, very few studies dealing with the cytotoxicity of the N2O2 type Schiff bases have been reported. With this in mind, we synthesized a novel symmetrical N2O2 type Schiff base ligand and its copper and manganese complexes and evaluated the effect of these metals on cytotoxicity against six malignant tumor cell lines and a healthy cell line. In the literature, a similar ligand and its some metal complexes have been studied regarding the structure, magnetic and luminescent properties, antimicrobial, and antioxidant activities by different groups (25) (26) (27) . We have used a different aldehyde in the synthesis of the Schiff base and utilized a different synthetic approach to prepare the complexes by using different metal salts and solvent. We obtained similar binuclear double-helical structures for both complexes.
Although the structural architecture of the copper complex is the same as the reported complexes in the above-mentioned studies, the structure of manganese complex is different. To the best of our knowledge, this is the first report of the double stranded helical structure for this type of manganese complex and cytotoxic activities for these types of metal complexes.
MATERIALS AND METHODS

Materials
All chemicals for the syntheses and the solvents used were of analytical grade quality from commercial sources and were used without further purification. Fourier transform infrared (FT-IR) spectra were measured with a Perkin-Elmer Spectrum Two FT-IR spectrometer in the range 4000-400 cm −1 . Melting points were determined on an Electro Thermal IA 9100 apparatus using a capillary tube. 
General Procedure for the Preparation of Metal Complexes (2 and 3)
To a round-bottom flask equipped with a water condenser and magnetic stirring bar was added ligand (1) 
Cytotoxicity Assay and Determination of IC50
The effect of the compounds on the cellular viability was determined using the colorimetric × 100 (Eq. 1)
Cytotoxicity was expressed as mean percentage increase relative to the unexposed control ± SD. Control values were set at 0 % cytotoxicity. Cytotoxicity data (where appropriate)
were fitted to a sigmoidal curve and a four-parameter logistic model was used to calculate the IC50, which is the concentration of material causing 50 % inhibition in comparison to the untreated controls. The mean IC50 is the concentration of material that reduces cell growth by 50 % under the experimental conditions and is the average of at least three independent measurements that were reproducible and statistically significant. The IC50
values were reported at ±95 % confidence intervals (±95 % CI). This analysis was performed with Graph Pad Prism (San Diego, CA, USA).
RESULTS AND DISCUSSION
Synthesis of Schiff Base and its Metal Complexes
The 
Magnetic Susceptibility Studies
Magnetic susceptibility measurement provides satisfactory data to estimate the structure of the metal complexes. (25) (26) (27) . When a tetradentate ligand fails to coordinate tetradentally to a metal atom due to a long spacer between the coordination sites, its bidentate coordination to one or two metal atoms is well known.
The structure of our copper and manganese complexes derived from bis(N-(6-methoxysalicylidene)-4-aminophenyl)ether Schiff base could also be supported by the similar complexes reported in the literature. Two different studies by Paula Cucos (25) and QiMeige Hasi (26) reported that copper complex prepared from bis(N-(3-methoxysalicylidene)-4-aminophenyl)ether Schiff base had a binuclear double stranded helicates with copper ion in 2+ state. Our Schiff base only differs from these reported ones in that it has the methoxy groups at 6th carbons of the phenyl moieties instead of the 3rd carbons.
So, it is only reasonable to expect our complex would have the same binuclear double stranded structure since the methoxy substituents are not involved in the coordination with the metal that might lead to a different structure formation. The former group also employed Co(II) and Zn(II) metals as assembling cations and found that their Schiff base formed the same complex structures with these metals as well. The latter group also prepared manganese complex of the Schiff base. Unlike the binuclear M2L2 type complexes formed by the metals mentioned above, the manganese metal created an ML2 type complex and surprisingly, manganese ion was not coordinated to imino nitrogen atoms of the ligand.
Instead, manganese(III) ion was coordinated to six oxygen atoms from two hydroxy and two methoxy groups of the two ligands and two water molecules. So, the manganese complex contained one manganese(III) ion, two ligands, and two water molecules. The occurrence of this phenomenon in our case is simply not possible because our methoxy and hydroxyl groups are not close enough to each other to be able to trap the manganese ion. However, methoxy and hydroxyl groups in their Schiff base were adjacent to each other. Figure 2 . View of the molecular structure (left) and space-filling representation (right) of metal complexes 2 and 3 demonstrating double-stranded helical structure. Each strand is colored differently and hydrogen atoms are omitted for the clarity of the structure. Light red, low activity; yellow, moderate activity; green, high activity. 
In vitro Cytotoxic Activity
CONCLUSION
In conclusion, a novel N2O2 type Schiff base ligand and its Cu(II) and Mn(III) complexes were synthesized and characterized by spectroscopic methods. From the spectral and analytical data and the magnetic behavior of the complexes, the square planar and octahedral geometry have been proposed for the Cu(II) and Mn(III) complexes, respectively. Due to the long distance between the two donor sites of the ligand, a tetradentate coordination to a metal center is unattainable; thus, the ligand coordinates to two different metal atoms bidentately forming a binuclear double stranded helical structure in a 2:2 (metal to ligand) stoichiometry. This structural determination, which is perfectly consistent with the similar complexes in the literature, is further supported by the elemental analysis, LC-MS, and the magnetic susceptibility data. Cytotoxic activity studies against the tested cancerous cell lines showed that copper chelation improved the cytotoxic activity of the ligand significantly whereas Mn complexation had a slight improvement.
Thus, the intensity of the enhancement is determined by the metal employed in the complex. Surprisingly, metal chelation showed just opposite effect towards healthy cells.
Copper complex (2) which had the most potent cytotoxicity towards cancer cells showed the least detrimental effects on healthy HEK293 cells. That is, especially copper complex was found to exert a selective cytotoxicity against malignant cell lines which is considered as the key to the future of cytotoxic therapy.
